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One of the ways to implement a programmable feature on an 
integrated circuit is by utilizing fuses or antiftises. Fuses are selectively 
electrically programmed by applying a program voltage which opens a 
circuit between two conductive terminals of the fuse. For laser fuses, a laser 
is used to cut a fuse link. An antifuse is electrically programmed by 
applying a programming voltage to break down dielectric material 
connected to two conductive terminals of the antifuse. 

The programming voltage permanently changes either the fuse 
or antifuse to provide a high or low resistance in accordance with the 
programming. In the case of an antifuse, the high resistance is typically a 
program resistance on the order of hundreds of thousand ohms. 

The programming voltage for a fuse or antifuse is typically quite 
high, for example, over 8 volts. This high voltage must be routed to 
selective fuse or antifuse elements on an integrated circuitry without 
affecting other highly sensitive lower voltage signal paths. Accordingly, the 
introduction of high fuse or antifuse programming voltages requires careful 
design and process modifications, such as tailored junction profiles or thick 
gate oxides in order to avoid damage to other sensitive components on the 
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integrated circuit die. This increases fabrication complexity as well as chip 
size. ' . * S 

A programmable circuit which relics on a lower programming 
voltage and decreased die area for the programmable element would be 

4 

t 

desirable.., 

Also, in the testing of DRAM memory devices u tilizin g boosted 
wordlinc voltages, a Vt shift of several hundred millivolts has inadvertently 
been produced in small n-channel transistors in the memory array. This 
causes the affected memory cells to be inferior since die data to be stored in 
the cel l is not as r eadily transferred through the affected n-channel access 
device. To 'Avoid this detrimental effect, device m a nu facturing processes 
have been modified. This invention utilizes this effect which is detrimental 
to die memory array, for an improved programmable circuit element 
outside of the memory array. 

SUMMABX ORTHE INVENTION 
The present invention provides a programmable circuit which 
relies on a programmable transistor in which the gate threshold voltage for 
turning the transistor on is programmable. The gate threshold voltage may 
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be programmed to be either a first voltage or a second voltage. The 
program state of the transistor can be determined by applying a gate 
threshold voltage between the first and second gate threshold voltages and 
then determining the operative state, i.e.; on or off, of the transistor. 

One of the first and second gate threshold voltages for the 
transistor can be selected as the normal gate threshold operating voltage for 
the transistor, while the other gate threshold voltage can be set by applying 
suitable voltages to the gate and drain electrodes of the transistor to 
thereby alter the gate threshold voltage to a second value away from the 
normal gate threshold voltage. The programming voltage for the gate and 
drain are lower than voltage typically used to program a fuse or antifuse 
element. 

The programming circuit of the invention has particular utility in 
any integrated circuit which requires a programmable element and has 
particular utility in the field of DRAMs as a replacement for a fuse or 
antifuse element. 
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The above advantages and features of the invention will be more 
clearly understood from the following detailed description which is 
provided in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG, 1 illustrates a programmable circuit in an exemplary 
embodiment of the invention; 

FIG, 2 illustrates signal sources for providing the operative 
signals for the FIG. 1 circuit; and 

FIG. 3 illustrates a processor circuit which employs a memory 
device using the FIG. 1 circuit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An exemplary embodiment of the invention is illustrated in 
Figures 1 and 2. Figure 1 illustrates a programmable transistor 70 
illustrated as an n-channel transistor which has its gate coupled to a 
programming signal line VPRGG 100 and its drain coupled to another 
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programming signal line VPRGD 90. As fabricated, transistor 70 has a 
normal gate operating threshold voltage Vt, e.g. .7v. The gate direshold 
operating voltage Vt can be changed by programming on the signal lines 
90 and 100. For example, if the normal gate threshold Vt for transistor 70 
is .7v, the application of a programming voltage on the signal lines 90 and 
100 to the drain and gate terminals respectively can change this threshold 
voltage Vt to another higher value, e.g. 1.5v. 

If, for example, 6 volts is applied to the gate via signal line 100 , 
and 4.5 volts is applied to the drain via signal line 90, and a substrate bias 
voltage Vbb in which the circuit of Figure 1 is fabricated is lowered from a 
value in the range of -0.6 to -1.0 volts, to a value of -2.0 volts, and this 
condition is maintained for approximately 5 seconds, the threshold voltage 
Vt of transistor 70 will permanendy shift to approximately 1.5 volts. It is 
thought that this shift in threshold voltage is caused by charges being 
trapped in the gate of transistor 70 by the noted programming conditions. 
Accordingly, the gate threshold voltage of transistor 70 can remain at the 
original threshold voltage level Vt or can be programmed to a different 
substantially higher voltage level, e.g., approximately 2 Vt, thus establishing 
two possible gate threshold voltages for transistor 70. 
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The programmed state of programmable transistor 70, that is, 
whether it is operating with the initial gate threshold voltage Vt or with a 
substantially higher gate threshold voltage, can be determined by 
grounding line 90 and applying a gate threshold voltage on line 100, which 

5 is between the normal threshold voltage Vt and the higher gate threshold 

voltage, and then determining whether the transistor 70 is "on" or "off." 
If the transistor 70 was set at its normal voltage threshold Vt, a higher 
voltage threshold applied to the gate of transistor 70 on line 100 will cause 
transistor 70 to turn "on.". Likewise, if the voltage threshold for 

10 programmable transistor 70 has been changed to a higher value, then when 

a threshold voltage on line 100, which is between the original value Vt and 
the higher value, is applied, transistor 70 will remain "off" when line 90 is 
grounded. Thus, programmable transistor 70 provides a simple and 
convenient way of programming a programmable element which does not 

15 require the same magnitude of programming voltages as is required with a 

fuse or antifuse device. 

Figure 1 further illustrates a latch circuit 120 which is used to 
determine whether transistor 70 is "on" or "off," thus determining the 
state to which transistor 70 was programmed. Latch circuit 120 includes 
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an input node A and an output node B, widi the output node B supplying 
a signal indicating the program state of programmable transistor 70. 

Input node A is connected to the source terminal of transistor 
70 , and an inverter 60 is connected between input node A and output node 
B of latch -circuit 120. Latch circuit 120 further includes two p -channel 
transistors 20 and 30, with the sources of transistors 20 and 30 connected 
together and the drains of transistors 20 and 30 connected together. The 
sources of transistors 20 and 30 are, in turn, coupled to a voltage source 
Vcc through another p -channel transistor 10. The drains of transistors 20 
and 30 are connected to node A. 

Latch circuit 120 also includes two n-channel transistors 50 and 
40 which are serially connected with the source of transistor 50 being 
connected to the drain of transistor 40, and with the transistors 40 and 50 
being in turn serially connected between node A and ground. The gates of 
transistors 30 and 40 are connected to the output node B, while the gates 
of transistors 20 and 50 are connected to a read fuse RDFUS* (* denotes 
an active "low signal" line) signal line 110. Transistor 10 has its gate 
connected to a test margin control signal line MRG* 80. 
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Figure 2 illustrates a program voltage source 130 which supplies 
signals to the VPRGD and VPRGG signal lines 90 and 100, respectively for 
programming transistor 70, and a read signal source 140 which supplies 
signals on the lines VPRGD, VPRGG, MRG* and RDFUS*, that is, to 
lines 90, 100, 80 and 110, respectively. 

The programmable signal source 130 is operative to program 
transistor 70 to set the higher threshold voltage as needed or desired. 
Program voltage source 130 can be resident on an integrated circuit 
substrate containing the Figure 1 circuit, or may be an external source 
which controls application of the programming signals on lines 90 and 100 
via external terminals of the integrated circuit. Transistor 70 can be 
programmed during a testing state of an integrated circuit or, if external 
terminals of a packaged device are used to control the signals for lines 90, 
100, by a user of the integrated circuit. 

The read signal source 140 is resident on the integrated circuit 
containing the Figure 1 circuit and provides the signals VPRGD, VPRGG, 
MRG* and RDFUS* during a read operation to ascertain the status of 
transistor 70. In particular, a gate threshold voltage is applied to the line 
VPRGG 100, which is between the original gate threshold voltage Vt and 
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the higher threshold voltage which is set when programming signals are 
previously applied on lines 90 and 100, as described above. For example, if 
the higher gate threshold is approximately 2 Vt, when die applied gate 
threshold voltage during a read operation is between Vt and 2 Vt. 

Puring the time that the gate threshold voltage is applied for a 
read operation to terminal 100, signal line 90 is grounded and the signal 
source 140 also applies the MRG* signal on line 80, which turns on 
transistor 10 and thereby applies power to the latch circuit 120. Note, 
MRG* may be set between Vcc minus a p-channel transistor Vt and 0 volts 
during normal operation. In a test mode it is lowered to provide a stronger 
pull up at node A to ensure adequate operating margin for the circuit. 
After power is applied, a signal is applied on line RDFUS* 110, which 
serves to turn on transistor 20 and turn off transistor 50. If at the time the 
RDFUS* signal is applied to turn on transistor 20, a voltage Vcc is 
produced at node A, then transistor 70 is turned "off." The voltage at 
node A is inverted by inverter 60 and is applied at output node B as a low 
voltage, e.g., "0" volts. 

On the other hand, if when the RDFUS* signal is applied and 
turns on transistor 20, transistor 70 is also turned "on" by the gate 
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threshold voltage VPRGG on line 100 and the grounding of line 90, then 
the Vcc voltage applied at node A will be diverted to ground through 
transistor 70 and the drain of transistor 70 and line 90. Thus, the voltage 
at node A will be at a low voltage, e.g., substantially "0" volts which, after 
inversion by inverter 60, will be seen at node B as a high output, e.g., as 
substantially Vcc. 

When the voltage at terminal A goes to a high voltage and 
transistor 70 is off", the high voltage at node A will produce a low voltage at 
node B which is, in turn, supplied to transistor 30, causing it to turn on 
and hold the voltage at node A at the high voltage, and the voltage at node 
B at a low value. The low voltage at node B will maintain transistor 40 off, 
and thus the operative state of transistor 50 does not affect operation of the 
latch circuit 120. 

If when transistor 20 is turned on and transistor 50 is turned off 
by the RDFUS* signal on line 110, and if at that time programmable 
transistor 70 is turned on, this produce a low voltage at node A which, in 
turn, produces a high voltage at node B. The high voltage at node B turns 
transistor 40 on and transistor 30 off and, when the RDFUS* returns to its 
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normal high state this turns on transistor 50, which latches node A at the 
low voltage which, in turn, latches node B at the high voltage. 

Thus, during a read operation, die state of output node B of 
latch circuit 120 reflects the operative state of transistor 70, i.e., a on" or 
"off," which in turn reflects the programmed state of programmable 
transistor 70. 

The application of the read gate threshold voltage VPRGG at a 
level between the two possible threshold voltages for transistor 70 can be 
done at the same time the RDFUS* signal is applied to line 110. 

The invention provides a simple expedient of a program 
transistor as a programmable element and a simple latch circuit to 
determine the state of the programmable element. The voltages required 
to program the transistors are much less than those required to program a 
fuse or antifuse element. 

The programmable circuit of the invention may be used in an 
environment which requires the use of programmable elements in an 
analog or digital semiconductor circuit, including but not limited to logic 
circuits, processors, other programmable logic circuits, and memory 
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devices. The invention may particularly be useful in memory devices as a 
programmable element for providing identification codes and/or 
programming to re-map defective memory cell addresses. In particular, 
DRAM devices where a boosted word * line voltage has been known to 
inadvertantly produce Vf shifts in small n-channel transistors in the memory 
array. This boosted word line voltage may be used to generate either or 
both of the VPRGG and VPRGD signals. 

A processor system which may employ the programmable circuit 
of the invention is illustrated in Figure 3. As shown in Figure 3, the 
processor system, such as a computer system, for example, comprises a 
central processing unit (CPU) 210, for example, a microprocessor, that 
communicates with one or more input/output (I/O) devices 240, 250 
over a bus 270. The computer system 200 also includes random access 
memory (RAM) 260, a read only memory (ROM) 280 and may include 
peripheral devices such as a floppy disk drive 220 and a compact disk (CD) 
ROM drive 230 which also communicates with CPU 210 over the bus 
270. One or more of the RAM 260, CPU 210, ROM 280 may be 
constructed as an integrated circuit which includes the programmable 
transistor 70 and latch circuit 120 as described above. It may also be 
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desirable to integrate the processor 210 and memory 260 on a single IC 
chip. Numerous other system configurations are possible which are flillly 
compatible with the present invention. 

Although the invention has been described above in connection 
with exemplary embodiments, it is apparent that many modifications and 
substitutions can be made without departing from the spirit or scope of the 
invention. Accordingly, the invention is not to be considered as limited by 
the foregoing description, but is only limited by the scope of the appended 
claims. 
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